Introduction
Photon absorption in the wavelength region 600 to llOO A, and photoionization cross sections for H 2 0 have recently been remeasured [1-3)1 using photoelectric techniques. In general, the results are in good agreement with previous photographic [4] [5] [6] and photoelectric [7] [8] studies, although only one [2] has suggested the possibility ~f autoionization in the wavelength region 850 to 950 A.
The threshold for photoionization of H 20, 12 .59 ± 0.01 e V [9, 10] seems to be well established although possibly not within the stated limits as recently published studies by Watanabe [2] would seem to indic ate.
The threshold for photoionization of NH3 is reported to be 10.15 eV [9] probably with an uncertainty of ±0.01 eV. This is in fair agreement with the value of 10 .18 e V obtained by extrapolation of Rydberg levels [15] . Recent elec tron impact measurements have been consistently higher than this value, usually by an amount whic h is nearly an order of magnitude greater than the claimed uncertainties. For examples, compare the electron impact values: 10.40 ± 0.02 e V [11] , 10.52±0.04 [22] , and 10.34±0_07 eV [23] .
However, measurements of the kinetic energy of photoejected electrons [12] result in the threshold value of 10.16 e V, in excellent agreement with other photoionization data. _ However, it is in good agreement with recent electron impact measurements (12.60 ± 0.01 e V) [ll] and with the value (12.61 e V) obtained from retarding potential measure ments of photoejected electrons [12] . The latter two studies also report thresholds for two higher electronic states of the H 2 0 + ion. Only the electron impact study [11] employed mass analysis to identify the ionic species. Furthermore, no recent measurements of thresholds for dissociative ionization of water have been reported although these have long been known to exist in this energy region [13] .
In the present study, mass analysis is combined with nearly monoenergetic photon beams to examine the ionization efficiency curves for the molecule and fragment ions of water and ammonia and to remeasure the threshold energies of the specific ionization and dissociative ionization processes.
Experimental Procedure
The windowless vacuum ultraviolet monochromator and mass spectrometer, described in detail in the first paper of this series [24] , were used in the present work with only minor modifications. Both Hinteregger-type and microwave discharge lamps were used as photon sources. To obtain suitable overlapping of the spectral regions, the argon continuum was used in the wavelength region from threshold to about 1060 A.
The hydrogen many-line spectrum was used from about 1060 to 950 A and the Hopfield continuum of helium The photon absorption and photoionization of NH3 have also been remeasured recently by photoelectric [1, 3, 14] and by photographic [15] [16] [17] means. These are generally in agreement with earlier measurements by botli tec hniques [18] [19] [20] . However, some inconsistencies are observed among the photoelectric measurements [1] particularly in regions in which dissociative ionization is known to occur [13] . employed from 950 to 600 A. Data were obtained principally by the use of 100-micron optical slits and a 600 grooves/mm, MgF2 -coated aluminum grating blazed at 1500 k In the I-meter monochromator, this Rrovided an optical resolving power of about 2 :t Some threshold measurements were made using a 1200 grooves/mm, gold-coated grating;, blazed at 800 A, providing a r esolution of about 1 A_ The photon intensity for a 2 A band width at the m:lximum of the argon continuum (about 1080 A) was estimated from photoelec tri c yield curves for a tungste n detector [25] to be of the order of 2 X 10 8 photons/sec.
At e ach selected wav ele ngth above the first onse t a sufficient number of ion counts were obtained to result in a probable e rror of less than one percent. No correction was made to the observed relative abundan ces of ion s for differences in d etector response res ultin g from ions of differe nt mass or structure. The es timate d un certainty in the measured photon inten sit y was about 3 percent at most wavele ngths.
The a mmonia was obtained from the Matheson Corporation and was used without furth er purifi cation . The purity, stated by the supplier, is better than 98 mole percent NH3 and no impurities were de tected in the mas s s pectrum obtained at 21.23 e V.
The water sample was obtained from the laboratory supply of distilled water. When introducing H2 0, the sample inl e t line in the vicinity of the pinhole leak was warmed to about 30°C to preve nt co ndensation or freezing at the leak.
Results and Discussion

H20:
The respective relative abundances of the H20 +, OH +, and 0 + ions of water observed at 584A (21.23 e V) were found to be identi cal with the values reported by Samson and Cook [26] ; namely , 1.0, 0.4, and 0.05. The low abu nd ance of th e 0 + ion prevents the measure me nt of the ioni zation effi ciency curve for that ion in the present stud y. Also, a n uns uccessful searc h was made for th e negativ e ions, OH -and 0 -. Figure 1 shows a typical set of photoionization efficie ncy c urves for the H20 + a nd the OH + ions. Th e " wavelength in angs troms is plotted as the abscissa and ion c urre nt per photon transmitted is plotted in arbitrary units as the ordinate. Th e ordinate scale for th e OH + ion is four times that of the H20 + ion. The e nergies in electron-volts equivalent to several wave-) lengths are also give n. If th e ionization efficie ncy c urv es for the two ions are summed with proper consideration for the relative sensitivities as indicated above, a total ionization c urve is obtained which is quite similar to tha t reported by Metzger and Cook [1 ].
The first long· wavelength onset of the H20 + ion c urve is ascribed to the (000)-(000) transition to the gro und (2B l ) state gf th e ion. The point of steepest ascent is 984.5 ± 1 A (12 .593 e V). Thi s is in excellent agreement not only with previous photoionization values [9 , 10] , but also with electron impact data [11] . This agreement between adiabatic and vertical ioni- 
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The [29] has measured the intensities of the vibrational structure of the IBI and IAI transitions for D20, determining the geometry by means of th e Franck·Condon me thod of Coon and co· workers [30] . Bell obtained bond angles of 109.7 de~ and 113.0 deg for the IBI and I AI states, respectively, with a prob· able error of ± 1.8 des; The increases in bond length were 0.065 and 0.067 A, respectively. .
Using the method of Sharp and Rosenstock [31] , and the force constants for the I AI state giv e n by Bell [29] , we have calculated the intensities of the b ending and symmetric stretching overtones relative to the (OOO--{)OO) transition for various bond lengths and angles of the ion. These are plotted in fi gure 2. From the photoionization curve (figure 1) the 010/000 intensity ratio is 0.18 ±0.03. This leads to a value for the angle quite close to Bell's estimate. Accepting the increase in bond length determined by John s and by Bell we obtain a value of about 112 deg for the H20 + ion , see figure 2c .
The intensity of the second prominent step ide ntified with the (100)-(000) transition cannot be determined accurately because of the autoionization structure. We have no explanation for the steps of Llv = 800 cm -I, although progressions of this interval have been ob· served in absorption spectra [32] but not assigned.
Beginning at about 950 A, the H20 + ion curve shows more or less regularly spaced peaks which merge to a continuum a t about 860 A. These peaks are at· tributed to autoionizi;lg Rydberg le vels converging to th e 14.2 e V [11, 12] thres hold of th e 2A I, s tate of H20+. This observation co nfirm s an earlier suggestion [2] that diffu se bands observed in thi s region of absorption spectra might result from autoionization.
Initial members of another group of autoionizing Rydberg levels appear at about 780 A, apparently merging to a continuum at about 690 A (18.0 eV). If so, this would be in excellent agreement with the reo ported threshold of 18.02 e V [12] for the second excited state (2B 2) of the H 20 + ion. The value 16.34 e V for the second ionization potential obtained by RPD electron impact methods [11] is located near the onset of this autoionizing series. The break in the electron impact ionization efficiency curve may well be due to excitation of these levels. Except for the sharp onset, the OH + ionization efficie ncy c urv e is apparently featureless. The thresh· old occurs at 687 A (18.05 e V). It is interesting to note that this is very near the wavelength (690 A) at whic h the ionization effici e ncy for the mole c ule ion shows a marked decrease. It is probably also just above the thres hold for the 2B2 state of the H 20 + ion. It is sugges ted, th erefore that the OH + ion arises from that state of th e molecule ion. No metastable transition was observed in a very detailed s tudy of the electron impac t mass spectrum.
The observed value for the onset of dissociative ionization is co nsiderably below the pre viously ac· cep ted elec tron impact value of 18.8 e V [13] at 0 OK. As the ilHJO(OH)=9.25 kcal [34] [35] but would be in agreement if the experimental error of the electron impact results were somewhat greater than quoted. The present results would appear to rule out the still higher value of I(OH) = 13.49 ± 0.08 e V reported by Lindeman and Guffy [36] . fig. 1 . The scale for the NH2+ ion is reduced to one-half that of the NH3+ ion. Below the onset of fragmentation, the curve looks very similar to the total ionization curve recently obtained by Watanabe and Sood [14] . If the two curves are properly added, a total ionization curve is obtained that is also in good agreement with that reported by Metzger and Cook [1] . There is no clear evidence for autoionization within the energy region covered.
The initial portion of the curve for NH3+ is quite unlike th&1t for H20 +. The first unequivocal step at 1220 ±1 A (10.162 ± 0.008 e V) is ascribed to the 0-0 transition of the ion. This value is in good agreement with 10.154 eV from recent photoionization data [9, 12] and with 10.166 eV from recent Rydberg band analysis [14] . It is considerably lower than recent electron impact results [11, 21, 22] although the latter are not entirely consistent among themselves. There is some spectroscopic [37] evidence for a difference of about 0.5 e V between the adiabatic and vertical ionization thresholds.
On a large scale, the NH3+ ion curve shows some indication of hot bands as suggested by Watanabe and Mottl [38] . However, the transition probability is only of the order of 0.1 of the 0-0 transition. The 0-0 transition is followed by about nine steps at wavelength intervals of about 13 A (900 em-I). The first four of these give indications of splitting into two steps each with nearly equal intervals of 6 or 7 A (450 em-I).
Walsh and Warsop [39] creases s harply. The thres hold of fragmentation is also above th e reported onset of th e first excited state of NH 3+; i. e. 15 .02 e V [12] and probabl y arises from that s tate. The value is again about 0. 3 e V below th e elec tron impact threshold as reporte d by Fon er a nd Hudso n [40] but is possibly in agreeme nt with a n earlier value (15.8 eV) [41] within the limits of co mbin ed es timated errors. Thus, from th e heal of r eac tion of the process, NH3+ hlJ~NH 2 + + H +e of 15.73 eV or 362.6 kcal-mol -t we calc ul ate th e ~H/,,(NH 2+)
